Abstract-The friction factor is an essential parameter to take into account for modelling the ventilation system. One of the principal features that define the friction factor is the roughness, which not only does it have influence on the airway resistance, but it has also a direct bearing on the rate of heat transfer between the rock and the airstream. In this paper, the characteristic friction factors of a potash mine exploited using a room and pillar method has been determined by means of the Chezy-Darcy and Atkinson equations. The results give an impulse to achieve standardized friction factor values in potash mines very useful for future mining ventilation surveys.
INTRODUCTION
The knowledge of the ventilation system and the parameters that define its behaviour is crucial for modelling it [1] . Among all of them, one of the most important aspects to take into account is the friction factor, which will be basically affected by the exploitation method, geometric characteristics of the tunnels and physic conditions of the mine [2] .These factors have a huge influence to the resistance against the flow of the air through the airways [3] . However, there is little information about potash exploitations, being mainly focused on coal and metal mines.
This paper give insight of the friction factors in an underground potash mine that uses continuous mining machines to exploit the mineral and carrying it to the surface through a conveyor belt system. These kinds of mines are very deformable due to the pressure from the surrounding rock, producing a considerable roughness in the surface of the galleries. This roughness can also be caused for the exploitation method, the temperature and the humidity grade.
One of the first studies concerning friction factors in mining was done by McElroy [4] , which was based on data of the pressure loss collected from coal and metal mines. Many subsequent related studies adding data and determining new values have been published [5] [6] [7] [8] [9] [10] [11] , even with the goal to standardise the friction factors [12] , but there is still a lack of data for other exploitations than metal and coal mines. where k is the friction factor, kg/m 3 . The same equation can also be showed in terms of resistance, using the square law, and taking into account any other air density inside the mine due to pressure or temperature factors [13, 14] :
The Atkinson friction factor is not a constant value, it varies with the Reynolds Number. However, the flow of the air in the vast majority of underground places is turbulent in nature except in few cases such as behind the stopings [15] . 
where Dh is the hydraulic mean diameter of the tunnel, m; e is the height of the roughening, m. In addition, the airflow also suffers shock losses due to obstacles in the ventilation circuit like direction changes, machines, conveyors, etc. All these elements are independent of the roughness and it is not possible to include it in the friction factor. However, it can be used the equivalent length concept:
where Leq is the equivalen length, m; X is the shock loss factor. The shock loss factor X is experimentally determined [4, 8, 14] , adding an equivalent increase in the length of the tunnel where the air flows [17] . The length increase will vary depending on the type of obstacle [18] , obtaining a corrected Atkinson equation:
3. METHODOLOGY Achieving a proper ventilation system planning not only does it need a good knowledge of the ventilation laws, but it is also necessary an updated database of the ventilation features [17] . For this reason, 18 key points that stand for the principal ventilation circuit have been selected, collecting the main ventilation parameters every month from 2008 to 2013, which are detailed below. Figure 1 displays an example of the points used to obtain the friction factors.
-Geometric features of the galleries: section, perimeter, length, roughness and any permanent obstacles in the ventilation circuit.
-Dry and wet temperatures: used to control and link airway roughness and surface climate conditions -Air velocity: knowing the section, it is possible to calculate de airflow. Two important aspects in the process of calculating the friction factors have been taken into account in this paper, the Reynolds number and the hydraulic diameter. The first one is necessary to know the fluid rate and so use the proper equation and the second one to adapt the noncircular diameter of the galleries to the equations.
Once all the information detailed above has been collected, the fiction factors have been calculated for each key point four times, corresponding the four seasons of the year, because airflow and temperatures suffer an important variation during the year, affecting the friction factor result. Finally, the mean friction for each point has been obtained. Table 1 shows the mean parameters used to calculate the friction factors. They have been either measured in situ or calculated with the data collected from 2008 to 2013.
RESULTS
The values displayed in Table 2 correspond to the mean friction factors per season and the general value per point, taking into account the four seasons values in each key point, as well as the standard deviation [19] .
The current bibliography details the friction factor values for coal and metal mines. Tables 3 and 4 compare the results obtained in this paper with the published data among different types of airways. Despite the survey is focused on a potash mine, not on coal or metal mines, it is possible to get a rough idea of the reliability of the results. 
CONCLUSIONS
The characteristic friction factors in a potash mine using a room and pillar method have been determined. Despite each mine has its own characteristics, it has been achieved a framework for future studies related to mine ventilation in this type of exploitations.
The Chezy-Darcy and Atkinson equations have been employed to calculate the friction factor k, using the parameters measured in the control points. Roughness of the airways is due to, basically, the exploitation method and the nature of the de deposit, which has a certain deformable properties that define the shape of the tunnels.
